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Tests of Monetary Neutrality on
Farm Output
S. Devadoss
According to the monetary neutrality hypothesis,  only the unanticipated  money
supply growth  has impacts on real economic variables,  and the anticipated money
supply growth  has no real impacts.  The monetary neutrality hypothesis  is tested on
real farm output. The test procedure involves joint estimation of farm output and the
money growth equation.  The empirical results  show that the anticipated money
supply growth  does have significant effects  on farm output and, thus, do not support
the monetary  neutrality hypothesis.
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According  to  the  "Monetary  Neutrality  Hy-
pothesis" or "Natural Rate Hypothesis" (NRH)
in  the macroeconomic  literature,  the  antici-
pated component of money supply growth does
not  affect  real  economic  variables;  only  the
random, unanticipated component affects real
variables  (Lucas  1972,  1973;  Barro  1976).
Building on microfoundations, Lucas and Bar-
ro developed theoretical models supporting the
NRH. The framework used in these studies for
the development  of NRH was a simple envi-
ronment with flexible prices. In the real world,
however,  prices  (both  input  and  output)  are
not freely  flexible because  of labor contracts,
sales contracts, price support policies, etc. Thus,
considerable  controversy  over the  NRH  has
ensued since it was proposed in the early 1970s
(see  Gauger  1988).  Subsequent  theoretical
studies  of NRH  incorporated  nominal  price
rigidities and showed justifications for the non-
neutrality  of  the  anticipated  money  supply
growth.  For  example,  Fischer  developed  a
model  with  multiperiod  wage  contracts  and
nominal  wage rigidity to show the nonneutral
impacts  of  the  anticipated  money  supply
growth on real economic activity.  Phelps and
Taylor obtained similar results using a model
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with  nominal  output  price  rigidity.  Gauger
(1984)  specifically  demonstrated  that the an-
ticipated money supply growth will have a pos-
itive (negative) effect on real economic activity
if output price is relatively more (less) flexible
than input prices.
Empirical  tests of the monetary  neutrality
hypothesis  also  produced  mixed results.  For
example,  Barro  (1977,  1978)  and  Barro  and
Rush, using aggregate data, obtained results in
support of the NRH. On the other hand, Mish-
kin found that the anticipated  money supply
growth  does  affect  real  economic  variables;
moreover,  contrary to the implications  of the
NRH, the unanticipated money supply growth
does not have a larger impact on real variables
than  the  anticipated  money  supply  growth.
These  empirical  studies  used  aggregate  data,
even though  the theoretical underpinnings  of
the notion of neutrality as implied by the mod-
els of Lucas and Barro build upon the supply
and demand functions of an individual market
or sector. These theoretical models signify that
the anticipated money supply growth  has no
real effect, not only at the aggregate  level but
also at the disaggregate or sectoral level if pric-
es are flexible.  However,  money neutrality  at
the aggregate level  does not necessarily imply
that the hypothesis  holds at the disaggregate
level if input and/or output prices are rigid in
some sectors.  For example, Blinder and Man-
kiw point out that aggregate  level evaluation
of monetary shocks can present a false picture
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of the disaggregate level impacts. Thus, testing
of the NRH is needed at the sectoral level also.
The  focus of this  study is to test the NRH
in the U.S. agricultural sector. Specifically, the
objective of this study is to examine the neu-
trality  of the  anticipated  and  unanticipated
money supply growth on real farm output. The
agricultural sector traditionally has been char-
acterized as  a flexible  price sector.  This char-
acterization of the agricultural sector dates back
to Caimes' pioneering study more than a cen-
tury  ago.  Cairnes  asserted  that prices  of pri-
mary  products  with inelastic  supply and  de-
mand would respond rapidly to an increase in
money  supply.  Along  the  same  line,  Bordo
found  that  agricultural  prices  are  more  re-
sponsive  to monetary  shocks  than industrial
prices because agricultural products are traded
in well-developed  auction markets.
Bessler,  in  an  important  study,  tested  the
hypothesis that agricultural prices are more re-
sponsive  to  money  supply  changes  than  in-
dustrial prices  for the Brazilian economy.  He
used  a  vector  autoregression  to test  the hy-
pothesis,  and his conclusions  were  that agri-
cultural  prices  do  not  adjust  faster  than  in-
dustrial prices to money supply shock. Gardner,
and  Grennes  and  Lapp  found  that  relative
prices are not affected by shocks in macroeco-
nomic variables. On the other hand, Chambers
concluded  that, by using data for the United
States, relative prices increase in the short run
in  response  to  an  unanticipated  increase  in
money supply. Devadoss and Meyers, and Or-
den found that farm prices respond faster than
manufactured prices to a money supply shock.
In a recent study Robertson  and Orden  con-
cluded that the dynamic relationships between
money  and prices  for New Zealand  are  con-
sistent with long-run neutrality.  Saunders and
Bailey found a unidirectional causal flow from
the monetary base  to the U.S. nominal gross
farm product.  Their  results  also  indicated  a
strong positive impact of money supply on ag-
ricultural  prices  and a small  negative  impact
on real farm output. In a recent article Saun-
ders found  a unidirectional  causal  flow  from
the monetary  base to retail-level  agricultural
prices.'
Articles that specifically examined the NRH
in agricultural markets include studies by En-
' Saunders  and Bailey, and Saunders examined the effect of  total
money supply without decomposing the effects of anticipated and
unanticipated  money supply growth.
ders and Falk, and Azzam and Pagoulatos. En-
ders  and  Falk  provided  empirical  evidence
supporting  the  NRH  in  the  pork  industry.
However, when Azzam and Pagoulatos tested
the NRH  in pork and beef markets by better
accounting  for the appropriate  biological re-
lationships and by including additional lags of
anticipated  and unanticipated  money  supply
growth, they found only scant support for the
NRH. Rausser et al. noted that because of the
price support programs of agricultural policies
there is an asymmetry in the effects of mon-
etary policy on the farm sector. They also pro-
vided  a  detailed  summary  of forward  and
backward  linkages  between  the  agricultural
sector and the rest of the economy.
In the next  section  a theoretical  model to
illustrate the NRH is developed based on the
premise that agricultural prices are flexible. The
approach  used  in the model  is  the localized
markets  framework  of the  rational  expecta-
tions  model developed  by  Barro  (1976)  and
Hercowitz.  This is followed by the description
of the estimation procedure used in testing the
NRH. Specifically, the NRH is tested by using
a joint estimation procedure, which estimates
the money forecasting equation and farm out-
put equations as a simultaneous system. Next,
the empirical results are presented. The results
indicate that both the anticipated and unan-
ticipated money  supply growths  have signifi-
cant  impacts.  Finally,  a  brief summary  and
policy implications are provided.
Theoretical  Model
The primary object of this section is to develop
a theoretical model to illustrate the NRH; i.e.,
that only the unperceived money supply growth
has effects on relative  prices and, thus, on real
farm output. The first step is to specify supply
and demand functions for output and govern-
ment  policy  rule  and  to  solve  for  the  farm
output prices. The second step is, by using the
method  of undetermined  coefficients,  to ob-
tain reduced-form  equations  for farm output
prices,  economy-wide  aggregate  prices,  and
relative  prices.  The  final  step  is  to  derive  a
reduced-form  solution for farm output.
The theoretical model employed in this study
is a simple extension of the model developed
by Hercowitz,  which  is a modification of the
partial  information-localized  market  frame-
work of the rational expectations  model orig-
inally developed by Barro  (1976).  According
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to this framework,  the anticipated money sup-
ply  growth  is  recognized  as  economy-wide
shocks and results in price  changes in all sec-
tors.  But  the  unanticipated  money  supply
growth  is  misinterpreted  as  market-specific
shocks because  market  participants with im-
perfect  information  cannot  distinguish  be-
tween aggregate and market-specific shocks. As
a result, only the unanticipated  money supply
growth has an effect on the real economic vari-
ables.
Let the output supply function of the agri-
cultural sector,  denoted by z, be given as:
(1)
y(z) = as(z)[Pt(z) - EP,] + Es(Z),  as(Z) > 0,
where yt(z) = log of farm output supplied, Pt(z)
= log of farm output price,  Pt = log of econ-
omy-wide aggregate price, and t = time index.
The operator E denotes the mathematical  ex-
pectation taken conditional on all the available
information.  The  information  set  includes
lagged  values  of all  relevant  variables,  some
economy-wide  shared  knowledge  about  cur-
rent  variables  related  to  money  supply,  and
also  current  information  on  Pt(z)  which  is
known only to the participants in the market
z. Pt(z)  - EPt is the perceived  relative  price
by the producers in the agricultural market. A
positive  response  of supply  to the perceived
relative  prices  is  measured  by  the  elasticity
as(z). The stochastic disturbance term, Ec(z),  is
assumed  to  be  generated  by  identically  and
temporally  independent  supply  shocks,  such
as drought,  pest attacks,  etc.
The specification of the farm output demand
function is given by:
(2)  y(z) =  -ad(z)[P(z)  - EPt]
+ bd(z)[M-  EP,] + e'(z),
ad(z) > 0,  bd(z) > 0,
where  yt(z) =  log  of farm  output  demanded
and Mt =  log of aggregate  money stock. Price
speculation  by demanders  implies a negative
effect of [Pt(z) - EPtI on quantity demanded,
as measured by the elasticity -ad(z).  The de-
mand  function  also  includes  the term  Mt  -
EPt to reflect the effect of aggregate  shocks on
quantity  demanded.  The  stochastic  distur-
bance term,  cd(z),  is assumed to be generated
by identically and temporally independent de-
mand shocks. The excess demand shifter,  ct(z)
=  cd(z)  - ES(z),  is assumed to be  serially  un-
correlated and normally distributed with mean
zero and variance  a2.
The analysis  proceeds with the assumption
that  agents  have  full  information  about  the
relevant aggregate  variables with a one-period
lag, current economy-wide variables related to
monetary policy, and also market-specific cur-
rent information  that is limited to an obser-
vation of the current price, Pt(z). Market par-
ticipants  do  not know  the  current  prices  in
other markets. The key elements of this model
are individuals possessing  incomplete  current
information  and making supply and demand
decisions  by  responding  to relative  prices  as
they are locally perceived.  Because of the lack
of information, participants are not able to dif-
ferentiate  between the aggregate  and market-
specific shocks. As a result, individuals believe
that  any  unanticipated  aggregate  shock  that
causes changes in relative prices is a market-
specific shock and, in turn, respond by chang-
ing their demand and supply behavior to these
shocks,  which  leads  to  real  effects  of unper-
ceived aggregate  shocks.
To  complete  the model,  it is  necessary  to
specify the growth rate of  money supply, which
encompasses  systematic  and random compo-
nents. That is,
(3)  Mt - Mt_l  A f  = t  m, = mf + mt,
where mf and mt are anticipated and unantic-
ipated  growth rates of money  supply at time
t, respectively. Thus, mf is the expected money
supply  growth  based  on  all  available  infor-
mation. The random component,  mu, is taken
to be generated  by a temporally independent
white noise process with mean zero and vari-
ance  2.
The  price  in this  market is  determined  by
equating  supply (1) and demand  (2).  The  so-
lution for price Pt(z), after substituting for Mt
from  equation (3),  can be written  as:2
(4)  P(z) =  {1  - l/[as(z) + ad(z)]}EPt
+ {1/[as(z) + ad(z)]}
*[Mt,_  +  me +  mu + Et(z)].
Equation (4) is readily interpreted: Pt(z) is de-
termined by a set of"demand-pull"  variables
that include the money supply and the excess
demand shifter, and a "cost-push"  term, EPt.
Since  participants  know  the  prices  of  their
commodities  but not the prices in other mar-
kets,  they form  expectations  about  the econ-
omy-wide  aggregate  price based  on Pt(z) and
2  To simplify the mathematical derivations,  bd(z) in equation (2)
is  set equal to one.
DevadossWestern Journal  of Agricultural  Economics
other available information.  The key element
of the rational  expectations  approach  is that
the EPt in equation  (4) is not determined  by
an ad hoc expectations  mechanism from  out-
side  the model  but  is based  on  all  available
information  in  the economy  and  knowledge
implied by the structure  of the model.
Now we proceed to solve the model for pric-
es and output as a function of exogenous vari-
ables. First, the solution for prices in terms of
exogenous  variables  is obtained  by using the
method  of undetermined  coefficients.  Then,
the price  solutions are  substituted into  either
the  supply or demand  function  to  obtain an
expression for output. By utilizing the model's
log  linearity,  it is reasonable  to conjecture  a
reduced-form  solution for the aggregate  price
as:
(5)  Pt = 1iM,_,  + II 2mt  + Il3my,
where  IIs  are  unknown  parameters.  The  ag-
gregate  price  is  determined  by  the  current
money supply, which consists of Mt_  , mt,  and
mu  [refer  to equation  (3)].  By  realizing  that
Mt-l  and  me  are  fully  perceived  at  time  t,
whereas the posterior expectation of mu is con-
ditional  on  market-specific  information,  the
expected aggregate  price can be written  as:
(6)  EPt =  II,M,_,  +  II2my +  II3Emu.
The key to the formation of the aggregate price
expectations  is the computation  of Emu con-
ditional  on  the  market-specific  information,
Pt(z). The conditional  expectations  of mu are
calculated,  in effect, by linearly projecting  mt
on Pt(z). That is,
(7)  EmT  I P,(z)= [a2u(o 2 + *-2)][mu + ct(z)].
Substituting (7)  into (6),  we find that
(8)  EPt =  nIIM,_  + n2mf  + II3[2,/(2  +  (2)]
*[mt  +  ct(z)].
The  expected aggregate  price  from (8)  is sub-
stituted into market-specific  price in (4) to ob-
tain
(9)  Pt(z) = [1  - X(z)]
*{IIMt_ 1 + Il 2m
+ n3[o/(O 2 +  a, 2)][mt  +  Et(z)]}
+ X(z)[Mt_  + mf +  my  + et(z)],
where X(z) = l/[as(z) +  ad(z)]. Summing mar-
ket prices  [Pt(z)] across all markets and taking
average yields,  the aggregate  price level3
3  Note that the average of e,(z) over all markets  is zero.
(10)  Pt = (1 - X){HIMt_-  + nI 2 mt
+ 113[o2/(o
- +  o2)]mT}
+  X(M,_,  +  m  +  myT).
The  average of X(z)  is denoted by X. Observe
that equation  (10) is identical to (5);  thus, the
three  II  coefficients  can  be  determined  by
matching the corresponding  terms in the two
equations.  The resulting solution is
(11) nII  =  1,  11  =  1, and
I3 =  (ru  +  r
2)/[2±  +  (1/X),
2].
These  coefficients  are  substituted  into  (9)  to
obtain the market price, Pt(z), and into (5) or
(10) to obtain the aggregate  price, Pt. The re-
sulting expressions are
(12)  P,(z)=Mt_l + mt
+  +  [X(z)/X]t
2
+  +  (1/X)o  [m u t + ,t(z)],
(13) Pt =  Mtl+m  +  + (/X) 2 mt.
The relative price,  the difference between  the
market price and the economy-wide aggregate
price, is determined by subtracting  (13)  from
(12) as:
(14)  P(z)  P  [(K(z)-  m a2  + (1/X)a,2
2 +  (X(z)/X)a,2
+  au  -W  Et(z). a  + (l/X)O,2
The important  results  for relative prices  in
(14) can be readily interpreted:  the systematic
part of monetary policy,  mt, has no effect on
relative prices.  The ineffectiveness  of the sys-
tematic component  of the monetary policy is
because me is contained in the information set;
therefore,  agents take into account  this infor-
mation in forming the expectations.  As a re-
sult,  the anticipated money  supply growth  is
captured  in price  expectations  [in  both Pt(z)
and Pt]; thus,  relative  prices  are  not affected
by the systematic component of  monetary pol-
icy. Stated differently,  relative  prices are neu-
tral with respect to the systematic component
of monetary  policy.  On the  other  hand,  the
unsystematic part of monetary policy, mu, has
an impact on relative  prices.  This  is because
the  random  component  of  money  supply
growth is  not contained  in the  agents'  infor-
mation  set and,  thus,  is  not captured  in  the
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price  expectations.  As a result,  the unantici-
pated  money  supply  growth  affects  relative
prices.
The next step is to derive an expression for
output.  To  do that,  it is useful  to assess  the
difference between Pt(z) and EPt. First, we ob-
tain EPt by substituting  (11) into  (8):
(15)  EPt = Mt_,  + m  +
2u"  +  (1/X)~ 2 .
·[mu + 't(z)].
Subtracting  (15)  from (12),  we get
[X(z)/X],
(16)  P,(z) - EP, - [m  +  E,(Z)].
2  +  (l/X)[+2
By substituting  (16)  into the supply function
or (15)  and (16)  into the demand function and
rearranging terms, the reduced-form  equation
for output can be written as:




+  [as(z)(X(z)/X)of 2]E(z)}.
Equation (17)  can be readily interpreted:  only
the  unperceived,  not  the perceived,  compo-
nent of the current  money supply growth has
an impact on the market  output.  The unper-
ceived part of the money supply affects output
because of its effect on relative prices. The per-
ceived  part  of money  supply does  not affect
output  because  it has no  impact  on  relative
prices. Output also responds to market-specific
supply and demand shocks.
Test Procedures
The  object of this  section  is  to describe  the
methodology employed in the joint estimation
procedure  and  NRH  tests.  The  specification
used to generate the optimal growth rate of the
policy variable  given in (3) is represented  by
the forecast equation:
(18)
porally independent  white noise process.  Spe-
cifically, Xt_- y  represents the anticipated mon-
ey  growth,  wm,  and  mu  represents  the
unanticipated  money growth.
For the  purpose of empirical  analysis,  the
output equation (17) can be represented  as:
(19) Yt(z)  = 0  +  C Oimt  i + c,,
i=O
where 6 and f,  (i = 0,  1,.  .. , n) are coefficients.
To test the neutrality proposition, equation (19)
is modified to include the expected money sup-
ply growth as:
n  n
(20)  y,(z) = 0 +  :  ffimt i +  b  ,im, +  et.
i=0  i=0
The neutrality test is conducted by testing 6i
= 0 for all i's in equation (20).  Earlier studies
(Barro  1977,  1978;  Barro  and  Rush)  used  a
two-step procedure  to test the NRH.  In this
procedure,  the money forecasting  equation  is
estimated  by  using  ordinary  least  squares
(OLS),  and  the predicted  and  residual  series
from this regression are used, respectively,  as
the anticipated and unanticipated money sup-
ply growth in the output equation which is also
estimated by OLS. Mishkin points  out that if
the population  covariances  between  the  pa-
rameters  across the money and  output equa-
tions are nonzero,  the two-stage  estimates are
not efficient and also the test statistics are in-
valid.  In  this  study,  following  Mishkin,  the
joint estimation  procedure  is used. The joint
estimation  procedure  estimates  the  money
forecasting equation and output equation as a
simultaneous  nonlinear  system.4 Since  this
procedure  allows for covariances  between pa-
rameters  across  equations,  the  estimates  are
efficient  and the test statistics  also  are valid.
The joint estimation procedure involves non-
linear  estimation  of the  constrained  system,
(18)  and (19), as well as the unconstrained sys-
tem,  (18) and (20).  In the constrained system
the restriction  all  ,i =  0 is imposed,  whereas
in the unconstrained  system this restriction is
not imposed. For each system, the output and
m,  = Xt,_l  +  m',
where Xt_  is a vector of  variables (information
set available at t-1) used to forecast the mon-
ey supply growth, 7 is the corresponding  co-
efficient  vector,  and  mu  is the random  term,
which  is assumed  to be generated  by a tem-
4 Nonlinear estimation is employed in this study because it easily
implements the covariance restriction and degrees of freedom cor-
rection, which leads to more credible likelihood ratio test statistics.
See  Mishkin  for further  details  of nonlinear  estimation  and  its
advantage over traditional  full information maximum likelihood
estimation.
DevadossWestern Journal  of  Agricultural  Economics
the forecast equations are estimated jointly by
imposing  the  restriction  that  the  parameter
vector,  y, is equal in the two equations.  Fol-
lowing  the test procedure  described  in Mish-
kin, the likelihood  ratio statistic for the neu-
trality proposition is expressed as:
(21)  V = 2N log(SSRc/SSRu),
where Nis the number of observations in each
equation, SSRC is the sum of squared residuals
from the constrained  system, and SSRu is the
sum  of squared  residuals  from  the  uncon-
strained  system.  The  test  statistic,  V, is  as-
ymptotically distributed as x2(q) under a null
hypothesis that all  3i = 0,  where q is the total
number of restrictions imposed.
Empirical Analysis
In this section the empirical results estimated
on the basis of the theoretical model described
in  the  previous  two  sections  are  presented.
First,  the specification  and  estimation  of the
forecast  equation  for the  policy variable  are
discussed. Second,  the results on the effects  of
perceived and unperceived components of the
policy variable on farm output are presented.
The  results  of OLS  estimation  of money
growth and joint estimation of farm output are
reported in this section. The quarterly data for
the  farm  sector  real  gross  domestic  product
(GDP)  comes from  the National Income and
Product  Accounts of the United States and var-
ious  issues of the Survey of Current Business
published  by  the  U.S.  Department  of Com-
merce.  The data for the money supply and the
three-month treasury bill rate are from the St.
Louis  Federal  Reserve  Bank,  and  the unem-
ployment rate is from International Financial
Statistics,  International  Monetary  Fund.  The
data period covers  1965:1  to  1987:4.
Money Supply Growth Equation
Since an appropriate money forecasting equa-
tion should  be based  on all  the available  in-
formation,  the money  supply growth was  re-
gressed  on  its  own  past  values  and  other
pertinent  monetary  policy  response  macro-
variables.  These  macrovariables  include  real
gross  national product  (GNP) growth,  three-
month treasury  bill rate,  inflation  rate, nom-
inal GNP growth,  M1  money supply growth,
unemployment  rate,  government  deficit,  real
government expenditure,  and balance of pay-
ments on current accounts. Four lags were cho-
sen for each of these  variables because it pre-
vents  the  researchers  from  searching  for
alternative  specifications  that would produce
results  confirming  any priori belief.  The  pro-
cedure  used  to determine  the significance  of
these variables in the money forecast equation
is multivariate Granger (1969) tests. An F-test
under the null hypothesis that four coefficients
of the individual policy response variables are
jointly zero  was  carried  out. On the basis of
this criterion, the lagged money supply growth,
the three-month treasury bill rate, and the un-
employment rate were included in the forecast
equation.
Many  of the earlier studies  do not account
for changes  over  the  years  in the  monetary
policy procedures or the expectations process.
Gauger (1988) indicates that failure to take the
changes into account leads to misspecification
of the  anticipated  and  unanticipated  money
supply growth  and may distort neutrality im-
plications.  In  this  study  money  forecasting
equations  are  specified  to allow for the well-
known  change in the  Federal Reserve  Oper-
ating Procedures in 1979:4 and the significant
change that occurred in the weight placed on
the interest rate and  money growth informa-
tion in  1975:1.  Specifically,  the  money fore-
casting equation allows for changes in the slope
coefficients  of the interest rate at  1975:1  and
1979:4.5
The  OLS  estimates  of the  money  supply
growth equation based on quarterly data from
1965:1  to 1987:4,  with standard errors in pa-
rentheses, are
(22)  m,=  .0108
(.009)
+  .5901m,_-  - .081m,_2  +  .0157m,_3  - .0021m,_4
(.111)  (.1166)  (.0985)  (.0858)
F(4,72) =  8.56
5  Slope coefficients of lagged money growth terms at 1975:1  and
1979:4 were not significant.
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- .0048TBt_  +  .0084TBt_2  - .0057TBt_3  +  .0013 TBt_4
(.0012)  (.0018)  (.0019)  (.0017)
,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
F(4,72) = 6.59
+  .0002TB,_ 1 D1  - .0027TBt_2*D1  +  .0056TBt_3*D1  - .0031 TBt, 4*D1
(.0007)  (.0009)  (.0011)  (.0010)
F(4,72) =  7.07
+  .0001 TB,_*D2  +  .001TBt_2D2  - .003TB,_3*D2  - .0027TB,_4*D2
(.001)  (.001)  (.001)  (.001)
F(4,72) = 2.38
- .0387UNt_  +  .0847UNt_2  - .0444UNt_3  - .0012UNt_4
(.0215)  (.0323)  (.0318)  (.0190)
F(4,72) =  1.85
R2= .70,  = .00004,  DW =  1.94,
where m, = growth rate of M1  money supply,
TB = three-month treasury bill rate, UN = log
of  unemployment rate, D 1 = zero from 1965:1
to  1979:3 and one thereafter,  D2 = zero from
1965:1 to 1974:4 and one thereafter, &  = stan-
dard error of  estimate, and DW = Durbin-Wat-
son statistic.
The  F-statistics  reported  in equation  (22)
test the explanatory  power of the four lagged
values of each variable in predicting the money
supply growth. The approximate critical value
of the F-statistics at the 5% level  is 2.50 and
at the  1% level  is 3.60. Four lagged values of
money  supply growth,  the treasury  bill rate,
and the  1979 change in the expectation process
(as reflected by  TBD 1) are significant at the
1% level. Four lagged values of money growth
capture  the persistence  effects  not explained
by other independent  variables.  The treasury
bill  rate  captures  the  policy  changes  in  the
money supply pursued by the Fed in response
to interest  rate changes. The change in expec-
tations in  1975  is marginally significant.  The
coefficients  of the lagged  unemployment  rate
reflect the counter cyclical response of money
growth. The unemployment rate is included to
maintain a tie to the money forecasting  spec-
ification in the original Barro (1977) study and
numerous other neutrality studies.6 The spec-
6 The  unemployment  rate  is  significant  in the  money  forecast
equations  estimated by Barro (1978), and Barro and Rush. How-
ification employed  for the money forecasting
equation in (22) is used in the joint estimation
procedure.
Farm Output Equation
The empirical  results  from  the tests of NRH
and the impacts  of the anticipated and unan-
ticipated  money supply growth rates on farm
output  are the focus  of this  subsection.7 The
farm output equation is jointly estimated with
the  forecasting  equation  as explained  in  the
previous section.
In pursuit of robustness of results, the neu-
trality tests were conducted with 4, 8, 12,  and
16  quarters of anticipated  and  unanticipated
money supply growth rates in the output equa-
tion.8 Likelihood ratio tests were conducted to
test the  NRH  [the  significance  of the antici-
pated money supply growth (me)] and also the
significance of the unanticipated money supply
growth  (mu).  Results  of these  tests  are  sum-
marized in table  1. The neutrality models im-
ever, their money forecast equations  do not include interest rates.
In the money forecast estimation in this study, the unemployment
rate is no longer significant at the  5% level when the interest rate
is included as an information source.
7 It is common in the macroeconomics literature to test the NRH
at the sectoral level, not at the individual market level, though the
empirical results  hinge upon aggregation  bias.
8 Previous studies reveal that money neutrality results are influ-
enced by the  lag lengths of anticipated and unanticipated  money
supply growth in the output equation  (see Mishkin).
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Table 1.  Likelihood Ratio Test Statistics for Impacts of Anticipated and Unanticipated Money
n  n
Supply Growth.  Model: y,(z)  = 0 + C1T  + C2D83 +  :  fimm  +  i 6,me  +  e,
i=O  i=O
Anticipated Money  Growth  Unanticipated  Money Growth
4-quarter model (n = 3)  x2(4)  =  52.364  x2(4)  = 52.168
8-quarter model (n = 7)  x2(8)  = 84.098  x2(8)  = 82.770
12-quarter  model (n = 11)  x
2(12)  =  138.336 
2(12) =  133.906
16-quarter  model (n =  15)  x
2(16)  =  176.320  x
2(16)= 163.829
Note:  The null hypothesis for the tests on anticipated and unanticipated  money growth, respectively: Ho all 6I  = 0, i = 0, 1,..., n; and
Ho all f, = 0, i = 0, 1 ... ,n.  Critical values ofx
2at the  1%  significance level are x
2(4)  =  13.277, x
2(8) =  20.090, x
2(12) = 26.217, and
x
2(1
6)  = 32.0.
ply that only mu will have significant impacts
on  real  sectoral  output.  However,  likelihood
ratio tests show that not only  mu but also  me
have significant impacts on farm output. This
is true  in both the short- and long-lag length
models  since x2 statistics are significant at the
1% level in all cases.  Thus, the test results do
not support the NRH.
Even though  agriculture is typically viewed
as a relatively flexible price sector (see Bordo),
one  needs to focus on the movements  of the
prices received  by farmers.  Farm policy pro-
grams  such  as loan rates and Farmer  Owned
Reserve restrict  the movements  of prices  re-
ceived by farmers and thus introduce rigidity
into  agricultural  output  prices.  These  pro-
grams  stabilize  the  nominal  prices  of  some
commodities  within  upper  and  lower  price
bounds and thus limit the movements of nom-
inal prices  to any  exogenous  shocks  such  as
money supply shocks. For example, Rausser et
al. note that there is an asymmetry in the effect
of monetary policy on agricultural markets be-
cause of U.S. agricultural  policies which sup-
port prices for major commodities.  Stabiliza-
tion  of nominal  prices  is  expected  to  cause
large movements in relative prices. As shown
by Phelps and Taylor  and by Gauger (1984),
the anticipated money supply growth will have
real impacts if output prices  are less  flexible
relative to input prices.
Since the results of the likelihood ratio tests
are  similar for various  lag  specifications  and
because of space  limitations,  only the results
of the  output  equation  with  12  quarters  me
and mu are reported in table 2.9 In the output
9  For readers curious about the forecasting equation in the joint
estimation  procedure,  the estimated money supply growth equa-
tion for the unconstrained  system, with  standard errors in paren-
theses, is
equation,  in  addition  to  the  money  supply
growth variables, a time trend (T) and a dum-
my  variable  for four quarters  in  1983  (D83)
are  included.  The  dummy variable  captures
the impacts of a severe drought in  1983.  The
estimates  of fourth-order autocorrelation  co-
efficients  also are reported in table 2.10 Major
interest is in the estimates of the f, and 6i co-
efficients,  which reflect the impacts of the an-
ticipated  and  unanticipated  money  supply
m, = -.0039
(.004)
+ .7196m,-,  +  .1693m,_2  +  .5366m,_3 - .0311m,_4
(.1699)  (.1691)  (.1282)  (.1271)
- .0045TB,_, +  .0098TB,_2 - .0077TB,_3
(.0008)  (.0017)  (.0018)
+  .0039TB,_4 + .0003TB,_-D  1 - .0029TBt_2D  1
(.0011)  (.0004)  (.0009)
+  .0051TB,_3*D1 - .0033TB,_4D1 - .0003TB,_ ,D2
(.0009)  (.0006)  (.0006)
+  .0002TB,_2*D2  - .0001TB,_3.D2 + .0002TB,_- 4 D2
(.0011)  (.0011)  (.0007)
- .0401  UN,_  +  .0719UN,2 - .0656UN,_3
(.0140)  (.0287)  (.0271)
+  .035UN,_4.
(.0123)
The variable definitions are as given in the text. The performance
of this  equation  is better than the  OLS  equation  because  of the
"information  crossovers"  between  the  output  and  the  forecast
equations.  Because of space limitations, the estimates  of the con-
strained system are not reported.
10  In order to  obtain  valid  test  statistics  to test  the  neutrality
proposition, it is important to avoid spurious regression phenom-
ena. Therefore,  very  careful  consideration  is  given  to  the serial
correlation properties of the residuals to ensure that residuals are
white noise. The output  equation  is corrected  for a  fourth-order
serial correlation, which generally is sufficient to ensure white noise
in the residuals when quarterly  data are used.
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Table  2.  Nonlinear  Joint Estimates  of  Output Model  with  Twelve  Quarters of  Monetary
11  11
Variables. Model:  y,(z)  = 0 +  CjT +  C2D83  +  f imti  +  ~  Sim  +  t
i=O  i=0
=  4.163(22.93)
o  = 0.535(0.53)
h = 5.083(2.81)
f2= 7.650(2.16)
3 =  11.296(2.45)
4 =  10.550(2.23)
5,  =  10.382(2.38)
16  =  8.474(2.49)
17 =  4.980(1.76)
f8 =  5.555(2.30)
f9 = 6.315(2.64)
f1o =  4.224(1.86)
fl, =  1.292(0.75)
=  -0.0034(-0.03)  P2
2 =
Cl  = 0.025(3.38)
= -0.200(-1.75)
= 0.00168
C 2 = -0.198(-5.08)
~o  = -4.867(-3.02)
6, = -7.123(-3.34)
2  =  -4.422(-1.60)
3,= 1.806(0.46)
6  =  7.566(1.72)
i5 =  6.285(1.53)
66=  5.185(1.67)
17  =  -0.009(-0.00)
68 = 0.842(0.37)
9 =  1.801(0.76)
o =  5.589(2.32)
nl =  3.472(1.93)
p3 =  -0.524(-5.31)  p4 = 0.027(0.23)
2  I=  76.336  i =16.125
i=0  i=0
Note: The values in parentheses  are t-statistics. Critical  values of the approximate  t-statistics are as follows: t.o,, 32 m  1.98 and t. 01,132
2.617.
growth, respectively. The coefficients of me in-
dicate that the anticipated money growth  has
negative  impacts  on  farm output  in the first
three quarters. It is also interesting to note that
negative impacts of me primarily are confined
to the first three quarters,  and  the rest of the
coefficients are not significant with the excep-
tion of  b0O  Thus, the anticipated money growth
has  adverse  impacts  but  cuts  off  relatively
quickly.
The  negative  impacts  of  the  anticipated
money supply growth in the first three quarters
may be related to the differing degree of stick-
iness of output prices and input  prices.  Even
though agriculture  is characterized  as a sector
with flexible  output prices,  one  needs  to ex-
amine whether prices received by farmers are
more or less flexible relative to prices paid by
farmers.  As  already  explained,  agricultural
programs  impart  some rigidity  to  the prices
received  by farmers,  whereas  prices  paid  by
farmers for inputs such as fertilizer, pesticides,
and machinery may vary over the period.1' As
shown by Gauger (1984), the anticipated mon-
ey  supply growth will have  negative  impacts
on real  output  if output  prices  are relatively
less  flexible  than  input  prices.  For nominal
" However,  it should  be emphasized  that this study  does not
imply that agricultural  output  prices are  not overshooting  their
long-run equilibrium levels.
movements  associated  with the currently  an-
ticipated  portion  of money  growth,  the pro-
ducer  may  realize  he  or  she  is  temporarily
caught in a rigid price/flexible  costs  squeeze.
He or she cannot totally escape the significant
negative impacts, but makes the adjustments
possible (such as reduced input use) to confine
the negative impacts to a relatively short  pe-
riod.  Thus,  the  me  impacts are  negative  and
short lived.
If only the significant 6i coefficients are con-
sidered,  the  net  effect  of anticipated  money
supply growth  is  negative.  Furthermore,  the
significant  impacts  of the  anticipated money
supply growth occur immediately as evidenced
from the significant  8o and  1. The impacts  in
the later periods are not significant (except for
$io).  For models with 4,  8, and  16 quarters of
me and mu in the output equation,  the pattern
of me  impacts is  very  similar.  The  negative
effects  of anticipated  money  supply  growth
have a triangular shape, with the largest effect
appearing  after  the current period.  The  con-
temporaneous  and  two-period  lag  effects  are
of roughly  equal  size.  The pattern  of output
response  indicates that the effect of the rigid
price/flexible costs squeeze peaks after the cur-
rent period, but after two periods  farmers are
able to make adjustments  in input  use to re-
duce the negative  effect of anticipated money
supply growth.
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Unlike the me impacts,  mu impacts are pos-
itive, significant, and spread over a longer time.
This pattern of impacts is related to the source
of unanticipated  money  supply  shocks.  Un-
anticipated money supply growth is misinter-
preted as market-specific shocks because mar-
ket  participants  with  imperfect  information
cannot distinguish between aggregate and mar-
ket-specific  shocks.  As a result,  mu interferes
with market signals, and nominal movements
associated  with  mu are  misinterpreted  as  rel-
ative price  changes  associated  with a shift in
demand.  Thus,  producers  may  respond with
substantive  changes  in  production  abilities
whose impacts persist over longer periods. The
positive impacts of mu are consistent with the
findings  of Starleaf,  Meyers,  and  Womack.
They conclude that an unanticipated increase
in the  growth  rate  of nominal  aggregate  de-
mand benefits farmers. They also correctly em-
phasize that farmers  have been  beneficiaries
of the unanticipated, but not the anticipated,
increase in the rate of inflation.
The  impacts  of the  current  unanticipated
money supply growth are not significant,  i.e.,
the estimate  of the  o0 coefficient  is relatively
small and not significant. The statistically sig-
nificant  impacts  of the unanticipated  money
supply growth begin after a one-period lag and
persist over several periods.  The insignificant
impact  of the  current  unanticipated  money
supply growth can be attributed to the fact that
production in the agricultural sector is not in-
stantaneous.  Thus, even if farmers make pro-
duction  adjustments  instantly in response  to
the misinterpreted  relative price changes,  the
effect  on  the  output  is  realized  with  a. one-
period  lag.  The  neutrality  proposition  indi-
cates  that  the  relative  magnitudes  of coeffi-
cients  of me and  mu are  such that coefficients
of me are insignificant  and less than those  of
mu. However,  the empirical estimation shows
that the impacts of me are greater (in absolute
value) than those of mu in some cases.
Summary and Implications
According to the monetary neutrality hypoth-
esis,  only  the  unanticipated  money  supply
growth  has  impacts  on  real  economic  vari-
ables, and the anticipated money supply growth
has no real impacts. However, Fischer;  Phelps
and Taylor;  and  Gauger (1984)  show that,  if
nominal price rigidities exist,  then the antici-
pated money supply growth will affect real eco-
nomic  variables.  In this  study the  monetary
neutrality hypothesis is tested on real farm out-
put.  The test procedure  involves a joint esti-
mation of real farm output and money supply
growth equations.  The empirical  results show
that the anticipated money supply growth does
have  significant  effects  on  farm  output  and,
thus, do not support the money neutrality hy-
pothesis. The significant impacts  of the antic-
ipated  money supply growth  are  confined  to
the first year and cut off relatively quickly  as
farmers make adjustments in their production
decisions to limit the adverse impacts to a rel-
atively  short  period,  whereas  the  significant
impacts  of the  unanticipated  money  supply
growth persist over several periods as farmers
misinterpret  the nominal movements  associ-
ated  with  the  unanticipated  money  supply
growth as relative price changes associated with
the demand  shift.
Furthermore,  as pointed out by Blinder and
Mankiw,  aggregate  analysis of monetary neu-
trality tests can mask the true impacts of mon-
etary policy in a specific sector. The empirical
results support  this view,  i.e.,  the anticipated
money growth may have a nonneutral  impact
on a particular  sector. The implication of this
result  is that since  the  agricultural  sector,  in
contrast  to  some  other  sectors,  is  subject  to
differential impacts of monetary policy shocks,
analysis of agricultural market dynamics should
take into account the effects of monetary pol-
icy. Also, farm policy decision makers should
consider monetary shocks in formulating price
support and  storage policies.  This is particu-
larly important  in view  of increased  integra-
tion  between  the farm  and nonfarm  sectors.
Thus,  macroeconomic  disturbances  are  vital
to agricultural policy developments.
[Received April 1990; final revision
received October 1990.]
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